pore structure in different recording conditions and in various channel states. Here we describe experiments in which external Ba 2þ was applied to Kv4.2 channels to determine the properties and state-dependence of Ba 2þ block. In the standard protocol, [K þ ] o was 3.5 mM and 10 ms pulses to 80 mV were applied at 1 Hz from a V h of À80 to À100 mV. t block , derived from a monoexponential fit of a diary plot of the peak current amplitudes, decreased as the [Ba 2þ ] o increased, however the value for t block saturated with higher (20-40 mM) concentrations. This suggests that, as in Kv1 channels, there are serial binding sites in the resting conformation of the channel. Increasing [K þ ] from 3.5 to 40 mM decreased the steady-state level of Ba 2þ block with 1 Hz pulses, as expected for a competitive interaction involving one or more binding sites in the pore. Decreasing the test pulse frequency decreased the extent of the Ba 2þ block and t unblock was markedly decreased by increasing [K þ ] o ; both features are the opposite of what is observed in Kv1 channels. A test pulse applied following a 10 s exposure to 20 mM Ba 2þ revealed roughly 3-fold greater block of inactivated channels (V h =0 mV) compared to the block of resting channels (V h =-80 mV). This observation supports the widely-held notion that the outer pore mouth of inactivated Kv4 channels is not constricted, i.e., not P/C-type inactivated, but nonetheless implies that the outer pore does undergo a substantial structural change in the transition from the resting to the inactivated state.
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Closed-State Inactivation of a Voltage-Gated Potassium Channel Involves Inter-Subunit Interactions Jessica Wollberg, Robert Bähring. We study the structural determinants of inactivation in voltage-gated potassium (Kv) channels of the Kv4 subfamily, which exhibit preferential closed-state inactivation (CSI). There is strong evidence that dynamic coupling between the S4S5 linker (S4S5) and the main S6 activation gate (S6) plays a central role in CSI (Barghaan and Bähring, J Gen Physiol 133: 205-224, 2009 ). In particular, absence or loss of contact between S4S5 and S6 is thought to uncouple the activation gate from the voltage sensor. Here we examined the role of dynamic coupling between the S4S5 residue Phe 326 and the S6 residue Val 404 in CSI. We expressed Kv4.2 wild-type (wt), the single mutants Kv4.2 F326A and Kv4.2 V404A, and the double mutant Kv4.2 F326A:V404A in Xenopus oocytes and measured CSI parameters of these constructs under two-electrode voltage-clamp. Double-mutant cycle analysis revealed strong thermodynamic coupling between Phe 326 in S4S5 and Val 404 in S6 during CSI (ln Omega at À65 mV = 1.85). Next we asked whether this dynamic coupling occurs between S4S5 and S6 of individual alpha-subunits (loss of intra-subunit contact) or two neighboring alpha-subunits (loss of inter-subunit contact). To answer this question we created dimer constructs of Kv4.2 (1) with a point mutation in S6 of one subunit and a point mutation in S4S5 of the second subunit (Kv4.2 V404A_F326A), and (2) with a double point mutation in one subunit and no mutation in the second subunit (Kv4.2 F326A:V404A_wt). Notably, only the dimer Kv4.2 V404A_F326A was able to reproduce the CSI properties observed when Kv4.2 F326A:V404A monomers were expressed, whereas the dimer Kv4.2 F326A:V404A_wt resembled wild-type. Our data support the notion that CSI in Kv4.2 channels involves dynamic coupling between neighboring subunits. Supported by the Deutsche Forschungsgemeinschaft (DFG). Polyunsaturated fatty acids such as arachidonic acid (AA) inhibit Kv4 potassium channel function. Finding the binding sites of fatty acids to the channel can provide useful insights into the structural basis of lipid modulation of ion channels and the molecular mechanisms of lipid regulation of neuronal excitability. We tested the hypothesis that the inhibitory effects of fatty acids on Kv4.2 channels require access to a hydrophobic binding site within a membrane-embedded region of the channel. We prepared a homology model of Kv4.2 and used a molecular docking approach to identify residues that may interact with AA. Candidate residues identified by AutoDock Vina were individually point mutated in the rat Kv4.2 cDNA. Wild-type and mutant RNAs were then prepared by in vitro transcription and injected into Xenopus oocytes together with KChIP accessory subunit RNA. The impact of each mutation was tested by measuring the inhibitory effects of AA using two-microelectrode voltage clamp electrophysiology. Wild type Kv4.2 peak currents were 30% inhibited by a 5 min exposure to 10 mM AA, applied externally. We identified three mutations that significantly impaired this effect; each showed less than 5% inhibition by 10 mM AA. We assessed the molecular disruption of the AA binding pocket by simulating the structural change in the molecular model. In contrast, mutations introduced to other residues located near but not within the putative binding pocket did not disrupt the fatty acid inhibition of Kv4.2 current, indicating the specificity of the residues which comprise the binding pocket. Our results suggest that AA may inhibit Kv4 channel function by interfering with the function of structural domains which are not in the permeation pathway.
1541-Pos

1543-Pos Board B453
Protein Kinase C Influence on Kv4.3 Closed State Inactivation Chang Xie, Stephanie C. Santoro, Harold C. Strauss, Michael J. Morales. Kv4.3 is expressed as a short and a long form that differ by a 19 amino acid insertion downstream from the S6 transmembrane segment. It is typically expressed with ancillary subunits, the most prominent of which are cytoplasmic proteins called KChIPs. Activation of PKC by phorbol esters modulates closed-state inactivation (CSI) in Kv4.3. PKC reduces CSI in the short form of Kv4.3 (Kv4.3S), however, the 19 amino acid insertion in Kv4.3L changes the effect to increasing the magnitude of CSI through phosphorylation of a threonine unique to the long form. KChIP2b blocks the effect of PKC on CSI in both Kv4.3S and Kv4.3L. In contrast, 70-amino acid KChIP2d was permissive for PKC modulation of CSI characteristic seen in both forms of Kv4.3. These data suggested the presence of additional PKC phosphorylation sites in Kv4.3. Bioinformatic analysis suggested that the most likely PKC phosphorylation sites were in the N-terminal cytoplasmic domain of Kv4.3 at S47, T53, T100 (all in the T1 domain), and S165 (in the T1-S1 linker). Mutagenesis of any of the four amino acids reduced CSI; T53, T100, or S165 were influenced by PKC to a much lesser extent than WT Kv4.3S, while S47A dramatically reduced CSI. In all cases, there was little difference between mutations in the short and long Kv4.3 isoforms. Mutations in S6 at amino acids V399 and V401 have been shown to have dramatic effects on CSI. In the presence of these mutations, the Kv4.3L insert has no influence on CSI upon PKC induction. These data suggest that the isoform-specific modulation of CSI by PKC in Kv4.3 involves complex interactions of the cytoplasmic N and C termini of the channels, and that the phosphorylation of the long form acts by separate and perhaps unique mechanism.
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